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finding that myosin VI association
with endocytic vesicles promotes
dimerization, a switch likely to
be essential for processive
translocation of these organelles
[18]. The cultured epithelial cell
model used by Maddugoda et al.
can now be exploited to further
dissect the molecular details of
myosin VI’s contribution to
cadherin-based adhesion and how
its activity is modulated. Such
studies are likely to also provide
valuable insight into the
contribution of myosin VI to the
aggressive migration of metastatic
ovarian and prostate cancer cells
that express an excess of this
motor protein [19,20].
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R917Human Evolution: Neandertal
Gene Speaks out
An analysis of Neandertal DNA indicates that they shared with living
humans a form of the FOXP2 gene, the absence of which impairs speech
and cognitive processing related to human language.Erik Trinkaus
The study of human origins since
the 19th century has focused on
purportedly uniquely human
biological and behavioral
characteristics. The list of such
characteristics is a long one:
expanded brains, fine
manipulation, tool-use,
bipedalism, reduced teeth and
faces, language, social caring,
clothing, disposal of the dead,
ornamentation, art, and hunting,
among others. In all of this, there
is the assumption that there isa silver bullet which identifies us
as ‘human’ and which can be
used to identify past human
forms as more or less ‘human’. It
should be obvious that there is no
Rubicon in human evolution that
made us us. Nonetheless, this
particularist approach to human
evolution persists, with the current
focus on the past several hundred
thousand years during which
modern human anatomy emerged.
This has produced a plethora of
articles regarding the antiquity of
human ‘modernity’, concerning
both the antiquity of modernhuman behavior and what
constitutes ‘modernity’
behaviorally. Recent work on
Neandertals [1], published in this
issue of Current Biology, sheds
some new, direct light on that
ongoing issue.
One human characteristic is
persistently used to define us:
language. In this, I am using
language as an open-ended
communication system with an
expandable symbol set
(vocabulary) and a structure which
imparts meaning (grammar).
Human language is normally
transmitted vocally, through
speech, although it can be
exchanged through a variety of
auditory, visual and tactile forms.
It is also a social entity, and
meanings conveyed by language
are extensivelymodified by context
and non-verbal communication.
There have been many attempts
to determine the antiquity of
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R918language in the paleontological
record. These have involved
assessments of tongue function
from genioglossal tubercles,
cognitive function from
endocranial casts, reconstructed
vocal tracts with modeling of vocal
ranges, fossil hyoid bones,
hypoglossal canal size, Broca’s
area on endocranial casts, and ear
bones to assess auditory
capacities. These attempts have
been fraught with difficulties and
fatal flaws. In addition, almost all
are concerned solely with speech.
Parallel arguments for the antiquity
of language from the archeological
record have relied on indirect
indicators of social behaviors and
purported symbolic
manifestations.
To this discussion has been
added a genetic variant, the FOXP2
gene, which exhibits two specific
changes in humans not present in
otherprimates [2].Absenceof these
human variants in rare living
individuals produces difficulties in
sequencing muscle movements
required for speech, accompanied
by cognitive deficits in linguistic
processing [3]. Previous coalescent
simulation analysis of small
samples of living humans and great
apes [2] concluded that the human
form emerged%200,000 years ago
and that languagewasa very recent
phenomenon in human evolution,
probably associated with modern
human origins.
The conclusion that human
language is a recent evolutionary
phenomenon and uniquely
associated with anatomically
modern humans has received
limited acceptance among
paleontologists and archeologists.
A few archeologists have argued
that it fits with the appearance of
symbolic behavior associated with
fossils that some have deemed to
be earlymodern humans. However,
the appearance of complex human
social and symbolic behaviors,
associated with late archaic
humans (especially Neandertals) or
ambiguously associated with
modern humans [4], has led many
to ignore the molecular inference.
For example, intentional burials of
Neandertals are at least as old as
those of modern humans and
possibly older [5]. The social use of
pigment is associated withNeandertals [6] and early modern
humans [7] and predates 200,000
years ago [8]. The earliest
geometric designs are
Neandertal-associated in Europe
[9,10] and southwestern Asia
[11,12] and with late archaic
humans in southern Africa [13].
Pierced body ornaments appear
in southern Africa [14], northwest
Africa [15], southwest Asia [16] and
Europe [17], and only in southwest
Asia are they securely associated
with modern humans (human form
distributions from [18]). Moreover,
it is difficult to imagine the
emergence of complex
subsistence behaviors and
selection for a brain size increase
of approximately 75% [19],
both since about 800,000 years
ago, without complex social
communication. These
observations have been joined
by the persistent view that
language in its totality is not the
product of a single genetically
mediated developmental change,
but that it must have involved
a variety of shifts related to both
expanded cognitive processing
and the neuromuscular and
skeletal changes that enable
effective speech and its reception.
In this context, an ancient DNA
(aDNA) analysis of the FOXP2 gene,
published in this issue of Current
Biology, has been undertaken on
two Neandertal specimens from El
Sidro´n, northwestern Spain [1].
Dated to around 43,000 years ago,
these fossils predate modern
humans in Europe by several
thousand years. Human aDNA
analyses have been beset by
problems of contamination and
diagenesis, and the present study
is a rare case in which all
precautions, from site context to
excavation to specimen handling
tomultiple-lab analysis to thorough
screening for diagenesis, have
been appropriately taken. Both
Neandertals show the derived,
human form of FOXP2.
Contrary to the implications of
the previous FOXP2 coalescent
simulations [2], it is impossible to
account for the distinctly human
form of this gene in these two
Neandertals without its having
been present in >200,000, and
probably >400,000, year old
humans. This is long before theappearance of anatomically
modern humans <200,000 years
ago. Other genetic traits provide no
evidence of gene flow between
these lineages during the previous
400-500,000 years, although
without aDNA from the earliest
modern humans — something
unlikely to be found intact given
their low latitude distribution— this
genetic isolation should be taken
only as an inference from living
human and Neandertal DNA
sequences.
To those of us who largely
ignored FOXP2, given its lack of fit
with a plethora of other data, these
results appear welcome. They not
only permit the much maligned
Neandertals a degree of human
behavior that has been evident in
their burials and archeological
record for a hundred years, they
also permit a perspective on the
emergence of modern human
behavior (including language) that
sees it as a complex interwoven
matrix, with a variety of biological
and behavioral components. The
new work [1] is also important for
two other reasons.
First, it is one of the few cases of
Pleistocene human aDNA analysis
in which the specimen selection,
handling and analysis were done
under close controls. This is a far
cry from taking pieces of bones
which have been sitting in
museums and handled by
a multitude of individuals.
Secondly, to my knowledge this is
the first case of the coalescence
simulation of a genetic variant
being tested by aDNA, and the
original result is off by at least
a factor of two. Maybe we should
take those simulations as more
suggestive than conclusive, and
not build far reaching scenarios
upon them.
This paper [1], therefore, has
implications beyond the FOXP2
gene and a couple of dead
Neandertals. Its results address,
albeit indirectly, the ways in which
we conceive of the emergence of
modern human biology and
behavior. For this reason, if no
other, it is welcome.
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germline determination have been
identified through mutagenesis
and selection of phenotypes with
reduced fertility. Significantly, the
cell biology of germline cells is
highly characteristic; for example,
a common feature is the formation
of diffuse, electron-opaque
structures associated with the
nucleus [2], termed ‘nuage’ in flies.
Importantly, many of the proteins
regulating germline development
and gametogenesis are localised
to the nuage, and several of
these have been identified as
RNA-associated proteins such as
RNA helicases (for example, Vasa).
These RNA-associated proteins
also include members of the
Argonaute family. Argonaute
proteins are defined by two
conserved domains named after
its key members: the PAZ domain
(PIWI, ARGONAUTE, ZWILLE)
binds RNA, whilst the PIWI domain
adopts an RNAse-like fold and has
predicted endonuclease (‘Slicer’)
activity. In Drosophila, Argonautes
with known germline roles include
the products of the ago3,
aubergine and piwi genes [3,4]. In
mice, the MIWI, MILI and MIWI2
genes appear to be the functional
homologues of piwi [4], despite the
fact that flies and mice define their
